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SPECIFICATION 
COMBINED MACHINING EQUIPMENT FOR STEE LTUBES 
AND MFTHOn OF MACHINING STEEL TUBES 



TECHNICAL FIELD 
The present invention relates to a combined machining equipment 
for steel tubes, and more particularly to a combined machining equipment for ma- 
chining a joint portion of a steel tube for use in piping applications and a method 
of machining a steel tube. 

BACKGROUND ART 

Steel tubes are widely used as pipes for transporting fluid, and 
steel tubes that are cut to certain lengths are joined to make up a desired pipe 
system. According to one process of joining two steel tubes, ^feoves are formed 
in ends of the steel tubes, the grooved ends are held end to end, and the outer 
circumferential surfaces of the joined ends are welded to each other. Alterna- 
tively, flanges or the like are welded to ends of steel tubes, providing flanged steel 
tubes, and the flanges are fixed to each other by bolts and nuts on site. Accord- 
ing to still another joining process, the outer surfaces of ends of tubes are exter- 
nally threaded, and are joined to each other by a sleeve coupling whose inner 
surface is internally threaded. 

Pipings are often installed at high places. If steel tubes are welded 
on site, then the welding process is performed on scaffolds. Therefore, the 
worker needs to take improper postures to weld the entire circumferential sur- 
faces of the tubes, tending to introduce welding irregularities and misalignments 
and also to cause a spark-induced risk to surroundings. For replacing pipes or 
changing pipe layouts, it is necessary to cut off the pipes and then weld the pipes 
again. Such a process is not easy to carry out. 
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Joining flanged steel tubes can be performed at high places rela- 
tively easily because they can be fastened together by bolts and nuts. However, 
because the flanges need to be welded to the steel tubes in advance, if the 
flanges are not welded with sufficient accuracy, then a liquid or gas leakage may 
occur in the piping, or the piping may not be laid in a desired layout. 

According to a recent process, flanges are not directly welded to 
steel tubes, but loose flanges whose inner surfaces are slidable along the outer 
surfaces of the steel tubes are slid over the steel tubes. Thereafter, a flaring 
process is performed to bend ends of the steel tubes outwardly into flanges. On 
site, a gasket is placed between the flaring ends to be joined, and the loose 
flanges are fastened to each other by bolts and nuts with the flaring ends sand- 
wiched between the loose flanges. This procedure allows the steel tubes to be 
joined into a piping through only a machining process without need for a welding 
process. 

It has been customary to use a conventional machine tool to per- 
form the flaring operation. The machine tool that has been dedicated for the flar- 
ing operation is a steel tube flanging apparatus comprising a single-stage machin- 
ing head having conical rollers for spreading tube ends through a small angle and 
a dual-stage machining head having conical rollers for spreading tube ends 
through a large angle of 90°. Use of the steel tube flanging apparatus has make 
the flaring operation efficient. 

Steel tubes for use as cold and hot water pipings have inner sur- 
faces coated with zinc by hot dip galvanizing. When such steel tubes are flared, 
the zinc layer is peeled off or pressed and deformed into surface irregularities un- 
der the pressing and squeezing forces, resulting in a reduction in the sealing ca- 
pability of the joined surfaces. Therefore, it has been the customary practice to 
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forcibly remove the zinc layer with a sander or the like to provide smooth surfaces 
to be joined after the flaring process. 

For making the above process efficient, Japanese laid-open patent 
publication No. H 10-1 46623 discloses a steel tube flanging apparatus having a 
scraper combined with a dual-stage roller head for grinding the surfaces to be 
joined at the same time that the tube ends are spread through 90° by the dual- 
stage roller head. The disclosed steel tube flanging apparatus is effective in 
greatly improving the process of grinding the surfaces to be joined. 

At piping construction sites, the piping plan and the actual layout 
details often differ from each other, making it necessary to change piping pat- 
terns. Piping patterns can easily be changed if steel tubes are joined by welding 
on site. However, if steel tubes are joined by flanges, then they need to be re- 
turned to the machining factory where they are corrected or fabricated again. In 
view of this, there has been a strong demand for the flaring process to be per- 
formed on site. However, the conventional flanging apparatus for flaring steel 
tubes is large and heavy because it is necessary to move the single-stage ma- 
chining head and the dual-stage machining head to respective positions in front 
of fixed steel tubes, and hence cannot easily be brought into piping construction 
sites. 

Corrosion-resistant steel tubes have inner and outer surfaces lined 
with hard vinyl chloride or the like for protecting gas and water supply pipings 
from corrosion and stray current corrosion. For joining such corrosion-resistant 
steel tubes, it has been the practice to weld flanges to non-plated ends of the 
steel tubes and then line the inner and outer surfaces of the steel tubes and por- 
tions of the welded flanges. If the corrosion-resistant steel tubes do not match 
the dimensions at a piping construction site, then the corrosion-resistant steel 
tubes have to be processed again in the machining factory. If the piping con- 
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struction site is located at a remote distance from the machining factory, the 
process of placing the piping has to be interrupted for a few days in order to proc- 
ess and deliver the steel tubes. 

If steel tubes are joined by welding, then welding joints are 
grooved by the manufacturer and then supplied from the manufacturer. However, 
steel tubes themselves are supplied, not grooved, from the manufacturer, and are 
subsequently grooved by the user in a factory, with a large-size lathe or manually 
with a grinder. At a piping construction site, since steel tubes are manually 
grooved, a long period of time is required to machine the steel tubes and the steel 
tubes are liable to have an irregular finish. 

To solve the above problems, Japanese laid-open patent publica- 
tion No. 2002-35849 discloses a combined machining equipment for machining a 
steel tube, which is capable of not only flaring the steel tube, but also forming a 
branch tube, externally threading the steel tube, peeling a lining off the steel tube, 
grinding a flared surface, and grooving an end of the steel tube, and a method of 
machining such a steel tube. This combined machining equipment can solve 
many of the conventional problems. However, since this combined machining 
equipment is heavy and cannot easily be moved, it is not easy to use the com- 
bined machining equipment on site. 

There has also been a need for the formation of flanges and coni- 
cally spreading portions on ends of steel tubes for use as structural components, 
rather than pipings. Therefore, apparatus and methods for easily forming such 
flanges and conically spreading portions have also been in demand. 

DISCLOSURE OF THE INVENTION 

The present invention has been made in order to solve the conven- 
tional problems described above. It is an object of the present invention to pro- 
vide a combined machining equipment for steel tubes which is capable of not only 
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flaring a steel tube, but also grinding a flared surface of the steel tube, grooving 
an end of the steel tube, and peeling a lining off the steel tube, and which is small 
in size and can easily be moved. 

A combined machining equipment for steel tubes according to the 
present invention has a steel tube machining apparatus for performing a flaring 
process of bending an end of a steel tube outwardly into a flange, a process of 
grinding a flared surface, a process of preventing a stainless steel tube from be- 
ing flexed when the stainless steel tube is machined in the flaring process, a 
process of forming welding grooves in a steel tube, and a process of peeling off a 
lining, a steel tube holding apparatus having a replaceable clamp chuck for grip- 
ping the outer surface of the steel tube from opposite sides and holding the steel 
tube in a machining position, and a common mount. 

The steel tube machining apparatus has a main shaft and an auxil- 
iary shaft. The main shaft is rotatable and movable reciprocally, and the auxiliary 
shaft is disposed coaxially with the main shaft and housed in a hollow portion of 
the main shaft, the auxiliary shaft being fixed against rotation with respect to the 
main shaft and slidable axially. A flange is disposed on a distal end of the main 
shaft for mounting a machining head thereon, and a mount base is disposed on a 
distal end of the auxiliary shaft for mounting a machining head. When the auxil- 
iary shaft is moved forwardly and rearwardly with respect to the main shaft, the 
steel tube can be machined by either one of the machining heads on the mount 
base and the flange. For example, in the flaring process, the first machining head 
mounted on the mount base spreads the tip end of the steel tube to a first posi- 
tion, and then the auxiliary shaft is retracted and the second machining head 
mounted on the flange of the main shaft continuously presses and deforms the tip 
end of the steel tube to a predetermined flanged position. 
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Since the machining tools can be mounted as attachments on the 
flange of the main shaft and the mount base of the auxiliary shaft, the flaring 
process, the flared surface grinding process, the stainless tube flexure preventing 
process, the welding groove forming process, and the process for removing lining 
can be performed on the steel tube by the single combined machining equipment. 
The combined machining equipment can select a combination of machining tools 
for a desired application. 

The machining head on the mount base is radially movable and 
can be fixed in position. Therefore, steel tubes having a wide range of diameters 
can be machined by the single equipment. 

In case of the flaring process, a flexure prevention machine head 
can be installed on the flange along with the second machining head, thereby a 
thin-walled steel tube such as a stainless steel tube can be machined. 

The common mount has a front frame to which the steel tube hold- 
ing apparatus is fixed, and a back frame for pressing a slide frame which holds 
the main shaft thereon. The front frame and the back frame are firmly fixed to 
each other by four side frames and two base frames. The auxiliary shaft is as- 
sembled with the main shaft rotatably assembled in the slide frame. The steel 
tube is pressed and deformed in the common mount that is shaped as a strong 
box. The combined machining equipment is simplified in structure and operation, 
and is small in size and weight for transportation to piping construction sites. 

If a attachment for removing the lining is installed, then the lining 
on a lined steel tube that is mass-produced to predetermined dimensions can be 
peeled off, and the steel tube can be flared to dimensions on site. Then, a rust- 
resistant covering collar with an O-ring is set on the flared surface of the steel 
tube. Thus, a lined steel tube can be machined and laid as a pipe on site. 
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If one of the machining heads is replaced with an attachment for 
forming grooves in the end face of the steel tube, then welding grooves can be 
formed in the end face of the steel tube without the need for a large-size lathe or 
a manual process using a grinder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic plan view, partly in cross section, illustrative 
of the structure of a combined machining equipment for steel tubes according to a 
first embodiment of the present invention; 

FIG. 2 is a schematic side elevational view of the combined ma- 
chining equipment for steel tubes according to the first embodiment of the present 
invention; 

FIG. 3 is a schematic plan view of the combined machining equip- 
ment for steel tubes according to the first embodiment of the present invention; 

FIG. 4 is a schematic front elevational view of the combined ma- 
chining equipment for steel tubes according to the first embodiment of the present 
invention; 

FIG. 5 is a schematic plan view, partly in cross section, of a steel 
tube machining apparatus of the combined machining equipment for steel tubes 
according to the first embodiment of the present invention; 

FIGS. 6A and 6B are schematic views of a machining assembly of 
the steel tube machining apparatus shown in FIG. 5, FIG. 6A being a front eleva- 
tional view of the machining assembly, and FIG. 6B a plan view of the machining 
assembly; 

FIG. 7 is a schematic side elevational view of a combined machin- 
ing equipment for steel tubes according to a second embodiment of the present 
invention; 
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FIG. 8 is a schematic plan view, partly in cross section, of a steel 
tube machining apparatus of the combined machining equipment for steel tubes 
according to the second embodiment of the present invention; 

FIG. 9 is a schematic front elevational view of a machining assem- 
bly of the steel tube machining apparatus shown in FIG. 8; 

FIGS. 10A through C are schematic views of a main shaft, FIG. 
10A being a front elevational view of the main shaft, FIG. 10B a side elevational 
view of the main shaft, and FIG. 10C a bottom view of the main shaft; 

FIG. 1 1 is a flowchart of an operation sequence of a steel tube 
machining apparatus of a combined machining equipment for steel tubes accord- 
ing to a first and a second embodiments of the present invention; 

FIG. 12 is a schematic plan view, partly in cross section, of a steel 
tube machining apparatus of a combined machining equipment for steel tubes 
according to a third embodiment of the present invention; 

FIG. 13 is a schematic partial plan view of a machining assembly 
of a combined machining equipment for steel tubes according to a fourth em- 
bodiment of the present invention; and 

FIG. 14 is a schematic partial plan view of a machining assembly 
of a combined machining equipment for steel tubes according to a fifth embodi- 
ment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will hereinafter be described 
with reference to the drawings. 

A combined machining equipment for steel tubes according to a 
first embodiment of the present invention will first be described with reference 
FIGS. 1 through 6A - 6C. The combined machining equipment for steel tubes ac- 
cording to the first embodiment is an equipment for flaring an end of a steel tube 
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by bending the end outwardly. Two steel tubes thus machined can be fastened 
to each other by joining loose flanges whose inner surfaces are slidable along the 
outer surfaces of the steel tubes. As shown in FIG. 1, the combined machining 
equipment for steel tubes comprises steel tube machining apparatus 101 for flar- 
ing a steel tube, steel tube holding apparatus 102 for holding a steel tube to be 
machined in a predetermined position, and common mount 103 on which steel 
tube machining apparatus 101 and steel tube holding apparatus 102 are inte- 
grally mounted. The combined machining equipment for steel tubes can be car- 
ried as a unitary assembly. 

Steel tube machining apparatus 101 has first machining heads 134 
for spreading an end of steel tube 110 to an intermediate first flanged position 
and second machining heads 124 for pressing the end of the steel tube 1 10 
which has been spread to the first flanged position to a predetermined flanged 
position. Steel tube holding apparatus 102 has replaceable clamp chuck 151 for 
gripping the outer surface of steel tube 110 from opposite sides. 

Steel tube machining apparatus 101 also has main shaft 121 for 
actuating second machining heads 124, auxiliary shaft 131 for actuating first ma- 
chining heads 134, and slide frame 141 holding main shaft 121 and auxiliary shaft 
131 and slidable along the central axis of the main shaft. 

Main shaft 121 is in the form of a cylindrical tube and has flange 
122 on its front end which supports thereon second machining head units 123 
with second machining heads 124 mounted thereon. Main shaft 121 has a rear 
end coupled to the rotational shaft of drive motor 129, so that main shaft 121 can 
be rotated by drive motor 129. In the present embodiment, drive motor 129 com- 
prises an electric motor having a speed reducer mechanism. 

Auxiliary shaft 131 has mount base 132 on its front end which sup- 
ports thereon first machining head units 133 with first machining heads 134 
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mounted thereon, for sliding movement in directions perpendicular to the central 
axis of main shaft 121 . Auxiliary shaft 1 31 is fitted in an inner bore of main shaft 
121 and an inner surface of flange 122. Auxiliary shaft 131 is slidable along the 
central axis of main shaft 121, but is fixed against rotation with respect to main 
shaft 121 . Cotter 138 is held by a diametrical through hole defined in auxiliary 
shaft 131 and extends through a groove that is defined in main shaft 121 and ex- 
tends axially thereof. Cotter 1 38 is fixed to cotter slide unit 1 37 slidably mounted 
on main shaft 121. Cotter slide unit 137 is slidably rotatable and held in engage- 
ment with nonrotatable pressure frame 136. Third hydraulic cylinders 139 have 
respective ends fixed to slide frame 141 and also have respective piston rots se- 
cured to pressure frame 136. When third hydraulic cylinders 139 are actuated, 
auxiliary shaft 131 slides back and forth with respect to main shaft 121 that is 
fixed to slide frame 141 against back-and-forth movement. Auxiliary shaft 131 is 
fixed against rotation with respect to main shaft 121 by mount base 131 fitted in 
flange 122 and cotter 138. When auxiliary shaft 131 moves axially with respect to 
main shaft 121, the relative positions of first machining heads 134 and second 
machining heads 124 change in the axial direction of main shaft 121 . 

As shown in FIG. 3, slide frame 141 has front slide frame 142, 
back slide frame 143, and tie rods 144 connecting these frames to each other. 
Main shaft 121 is rotatably supported by first main bearing 147 mounted in front 
slide frame 142 and second main bearing 148 mounted on back slide frame 143. 
The ends of third hydraulic cylinders 139 for moving auxiliary shaft 131 slidably 
with respect to main shaft 121 and a frame of drive motor 129 are fixed to back 
slide frame 143. The drive shaft of drive motor 129 is fixedly mounted in an axial 
hole defined in the rear end of main shaft 121. Sliders 145 are mounted on both 
sides of frames 142, 143 and held in engagement with guide rails 146 disposed 
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on common mount 103 for allowing main shaft 121 to slide axially with respect to 
common mount 103. 

Common mount 103 has front frame 162, back frame 163, side 
frames 164, and base frames 165. Front frame 162 and back frame 163 are 
firmly connected to each other by left and right pairs of two side frames 165 and 
two base frames 165. Steel tube holding apparatus 102 to which clamp chuck 
151 can be secured by first hydraulic cylinders 159 is fixed to front frame 162. 
Side frames 164 on the opposite sides support guide rails 146 engaged by sliders 
145 of slide frame 141. Second hydraulic cylinders 149 have front ends fixed to 
slide frame 141 for sliding slide frame 141 and rear ends fixed to back frame 163. 
Motor 166, hydraulic unit 167, and control console 168 are mounted on base 
frames 165. 

Motor 166 shown in FIG. 2 actuates a hydraulic pump (not shown) 
of hydraulic unit 167 to generate a hydraulic pressure for actuating first hydraulic 
cylinders 159, second hydraulic cylinders 149, and third hydraulic cylinders 139. 
Control console 168 houses therein devices and control software for controlling 
combined machining equipment 100 for steel tubes, and cooperates with detec- 
tors such as external limit switches, etc. (not shown) in automatically controlling 
the various apparatus of combined machining equipment 100 for steel tubes. 
Though drive motor 129 is described as an electric motor having a speed reducer 
mechanism, drive motor 129 is not limited to an electric motor having a speed re- 
ducer mechanism, but may be a hydraulic drive motor actuatable by a hydraulic 
pressure. The hydraulic cylinders may be replaced with electric actuators with a 
sliding function. Electric actuators are capable of easily controlling axial posi- 
tions. Electric motors and electric actuators may be combined to make it possible 
to operate the equipment free of hydraulic pressures. 
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Each first machining head 134 comprises a conical roller freely ro- 
tatable about its own central axis. First machining head 134 is mounted on first 
machining head unit 133 so as to have its central axis tilted on a plane including 
the axis of main shaft 121 such that the outer generator on the conical surface 
thereof which is held in contact with the end face of steel tube 1 10 is kept at an 
angle corresponding to the intermediate first flanged position. First machining 
head unit 133 is mounted on mount base 132 of auxiliary shaft 131 for sliding 
movement perpendicular to the axis of main shaft 121 such that the generator on 
the conical surface of first machining head 134 can move diametrically with re- 
spect to the end face of steel tube 110 having a diameter in a predetermined 
range which can be held by steel tube holding apparatus 102. First machining 
head unit 1 33 can be set in a desired position by turning machining head slide 
screw 171 on mount base 132 which is threaded in slide screw nut 172 on the 
lower surface of first machining head unit 133, and fixed in that position by fixing 
screws 173. After first machining head unit 133 is fixed in the given position, first 
machining head unit 133 spreads the tip end of steel tube 110 held in contact 
therewith to an angle corresponding to the first position upon forward movement 
and rotation of main shaft 121 through auxiliary shaft 131. 

Each second machining head 124 comprises a conical roller freely 
rotatable about its own central axis. The outer generator on the conical surface of 
second machining head 124 which is held in contact with the end face of steel 
tube 110 has a length required for the machining of the end of steel tube 110 hav- 
ing a diameter in a predetermined range which can be held by steel tube holding 
apparatus 102. Second machining head 124 is mounted on second machining 
head unit 123 so as to have its central axis tilted on a plane including the axis of 
main shaft 121 such that the outer generator on the conical surface thereof which 
is held in contact with the end face of steel tube 1 10 is perpendicular to the axis 
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of main shaft 121. Second machining head unit 123 is mounted on flange 122 of 
main shaft 121, and presses and deforms the tip end of steel tube 110 held in 
contact therewith to the predetermined flanged position upon forward movement 
and rotation of main shaft 121. 

First machining head units 1 33 are illustrated as being provided in 
a pair and second machining head units 123 are also illustrated as being provided 
in a pair. However, they are not limited to being provided in a pair each, but may 
be provided as a single unit each to serve their own purposes. 

As shown in FIG. 5, main shaft 121 and drive motor 129 are held 
on slide frame 141, and main shaft 121 is rotatably held on slide frame 141 by the 
two bearings, i.e., first main bearing 147 disposed in front slide frame 142 and 
second main bearing 148 disposed in back slide frame 143. Sliders 145 on the 
left and right sides of front slide frame 142 and back slide frame 143 are slidably 
held in engagement with guide rails 146 mounted on side frames 164 on both 
sides of common mount 103. Thus, main shaft 121 held on slide frame 141, aux- 
iliary shaft 131 slidably engaging main shaft 121, and drive motor 129 are mov- 
able in the axial directions of main shaft 121 . 

Main shaft 121 is axially moved by second hydraulic cylinders 149 
through slide frame 141. Auxiliary shaft 131 is moved by third hydraulic cylinders 
139 through cotter 138 fixed to auxiliary shaft 131 and extending through the 
groove in main shaft 121 , cotter slide unit 137 is fixed to cotter 138, and nonro- 
tatable pressure frame 136 is movable in the axial directions of main shaft 121 
while being held in sliding engagement with cotter slide unit 137. 

As shown in FIG. 4, steel tube holding apparatus 102 comprises 
clamp chuck 151 for gripping the outer surface of steel tube 1 10 from opposite 
sides, tightening rods 1 53 supporting and securing clamp chuck 151 for holding 
steel tube 1 1 0 in a predetermined position, clamp beam 1 54 fixed to left and right 
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tightening rods 153, and first hydraulic cylinders 159 for moving clamp beam 154 
between a tightening position and an open position. Clamp chuck 151 can be re- 
placed with another clamp chuck depending on the outside diameter of steel tube 
110 to be machined. 

The hydraulic cylinders are supplied with hydraulic pressure from 
hydraulic unit 167 and controlled according to an operation sequence of control 
console 168. 

As shown in FIG. 3, guide rails 146 mounted on common mount 
103 are held in sliding engagement with sliders 145 mounted on slide frame 141. 
Thus, slide frame 141, main shaft 121 held on slide frame 141, auxiliary shaft 131 
engaging main shaft 121, and drive motor 129 are slidably held on common 
mount 103 for sliding movement in the axial directions of main shaft 121. Back 
frame 163, to which are fixed the other ends of second hydraulic cylinders 149 
whose one ends are fixed to back slide frame 143, and clamp chuck guides 152 
of steel tube holding apparatus 102 are firmly connected to each other by side 
frames 164 and base frames 165, thereby preventing steel tube 110 from being 
released under forces that are applied from the machining heads to steel tube 
110 upon forward movement of main shaft 121 . 

A flaring process that is performed using the combined machining 
equipment for steel tubes according to the first embodiment of the present inven- 
tion will be described below with reference to the drawings. 

First, clamp chuck 151 that matches the dimensions of steel tube 
110 to be machined is installed on steel tube holding apparatus 102. 

With auxiliary shaft 131 fully retracted with respect to main shaft 
121 , slide screw nuts 172 on the lower surface of first machining head units 133 
are moved by slide screws 171 on first machining head mount base 132. First 
machining heads 134 are set to a position corresponding to the diameter of steel 
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tube 110, and then fixed in that position by fixing screws 1 73 (see FIGS. 6A and 
6B). 

Main shaft 121 is moved forwardly to a predetermined machining 
start position, and steel tube 1 10 is inserted into clamp chuck 151 . When the tip 
end of steel tube 1 10 is brought into contact with second machining heads 124, 
first hydraulic cylinders 159 are actuated to fasten steel tube 110 to clamp chuck 
151. 

Main shaft 121 is retracted, and auxiliary shaft 131 is moved for- 
wardly to its foremost position with respect to main shaft 121. Then, main shaft 
121 is rotated and gradually moved forwardly to bring first machining heads 134 
into contact with the tip end of steel tube 110, thereby spreading the end of steel 
tube 1 10 outwardly. When the spreading of the end of steel tube 1 10 to a prede- 
termined position is finished, auxiliary shaft 131 is retracted with respect to main 
shaft 121. Main shaft 121 is moved forwardly while in rotation, bringing second 
machining heads 124 into contact with the tip end of steel tube 110. Second ma- 
chining heads 124 spread the end of steel tube 1 10 to a flanged position perpen- 
dicular to the axis of main shaft 121 , whereupon the flaring process is finished. 

Main shaft 121 is stopped from rotating and then retracted. Clamp 
chuck 151 is opened, and machined steel tube 1 10 is removed from steel tube 
holding apparatus 102, whereupon the machining operation is put to an end. 

The machining operation can be performed automatically by a pro- 
gram set in control console 168 in combination with position detecting switches. 

The flaring process will be described in detail in combination with a 
flared surface grinding step with reference to a flowchart of FIG. 1 1 according to a 
second embodiment to be described below. 

A combined machining equipment for steel tubes according to a 
second embodiment of the present invention will be described below with refer- 
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ence to FIGS. 7, 10A through to 10C. According to the second embodiment, a 
flared surface grinding unit is added as an attachment to the first embodiment. 

The combined machining equipment for steel tubes according to 
the second embodiment has flared surface grinding unit 125 in addition to the 
combined machining equipment for steel tubes according to the first embodiment. 
Flared surface grinding unit 125 has flared surface grinding cutter 126 supported 
on its tip end for grinding the end of steel tube 110 which has been pressed and 
deformed in the flaring process. Flared surface grinding unit 125 is disposed on 
flared surface grinding unit mount 194 (see FIGS. 10A - 10C) adjacent to one of 
second machining head units 124 which is mounted on a second machining head 
mount 193 of flange 122 of main shaft 121. As shown in FIG. 8, flared surface 
grinding unit 125 has flared surface grinding cutter 126 having a cutting edge ex- 
tending perpendicular to the axis of main shaft 121 and disposed in a position 
substantially aligned with the surface of steel tube 110 which is contacted by sec-, 
ond machining heads 124. Flared surface grinding cutter 126 is slidably mounted 
on flared surface grinding unit 125 so as to be able to face the end face of steel 
tube 110 having a diameter in a predetermined range which can be held by steel 
tube holding apparatus 102. Flared surface grinding unit 125 is held by spring 
127 for pressing flared surface grinding cutter 126 against the surface of steel 
tube 110 which is contacted by second machining heads 124, and is mounted in 
support hole 128 defined in flange 122. The cutting edge of flared surface grind- 
ing unit 125 is oriented to grind the end face of steel tube 110 when the main 
shaft is rotated in a direction that is opposite to the direction in which it is rotated 
for second machining heads 124 to machine steel tube 1 10. While second ma- 
chining heads 124 is machining machine steel tube 110, flared surface grinding 
unit 125 turns simply in resilient contact with the end of steel tube 110. When the 
machining of steel tube 110 with second machining heads 124 is finished and 
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main shaft 121 is rotated in the opposite direction, flared surface grinding unit 125 
grinds the end of steel tube 110 which has been pressed and deformed by sec- 
ond machining heads 124. If a steel tube, such as a stainless steel tube, does 
not need to be ground, then flared surface grinding unit 125 may be removed 
from flange 122. When steel tube 1 10 is positioned, flared surface grinding unit 
125 may be retracted outwardly of second machining heads 124 for protection of 
the cutting edge. 

A flared surface grinding process that is performed using the com- 
bined machining equipment for steel tubes according to the second embodiment 
of the present invention, in combination with the flaring process according to the 
first embodiment, will be described below with reference to a flowchart of FIG. 1 1 
which illustrates an operation sequence of the combined machining equipment for 
steel tubes according to the first and second embodiments. 

When a machining process is started (S101), clamp chuck 151 
matching the dimensions of steel tube 1 10 is installed on clamp chuck guides 152 
(S102), and a limit switch position is set depending on the dimensions of steel 
tube 110(S103). 

Slide screw nuts 172 on the lower surface of first machining head 
units 133 are moved by slide screws 171 on first machining head mount base 
132. First machining heads 134 are positionally set to a position corresponding to 
the dimensions of steel tube 110, and then fixed in that position by fixing screws 
173. Flared surface grinding cutter 126 is positionally adjusted to a machining 
position corresponding to the dimensions of steel tube 110 (S104). 

Auxiliary shaft 131 is retracted (S105), and main shaft 121 is 
moved forwardly until the side edges of the tip ends of second machining heads 
124 reach a machining start position (S106). The tip end of steel tube 1 10 is 
brought into abutment against the side edges of the tip ends of second machining 
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heads 124 (S107), and first hydraulic cylinders 159 are operated to secure steel 
tube 110 to clamp chuck 151 (S108). 

When a machining start switch is turned on (S109), main shaft 121 
is retracted to its rearmost position, and auxiliary shaft 131 is moved forwardly to 
its foremost position (S1 10). Then, main shaft 121 is moved forwardly while in 
rotation, causing first machining heads 134 to spread the tip end of steel tube 110 
(S1 11). If main shaft 121 is moved forward until the tip end of steel tube 1 10 is 
spread to the first position (S112Y), then main shaft 121 continuously moves for- 
wardly while in rotation, and auxiliary shaft 131 is retracted to the rearmost posi- 
tion (S1 13). Second machining heads 124 are brought into contact with the tip 
end of steel tube 110 which has been spread to the first position (S1 14). If main 
shaft 121 is moved forward until the tip end of steel tube 1 10 is spread to the 
flanged position (S115Y), main shaft 121 is stopped against rotation and forward 
movement (S1 16). The above process up to present is the flaring process ac- 
cording to the first embodiment. 

Then, main shaft 121, as it is held at rest, is rotated in the opposite 
direction (S117), and the cutting edge of flared surface grinding cutter 128 con- 
tacts and grinds the tip end of steel tube 1 10 which has been spread to the 
flanged position (S1 18). After a predetermined period of time elapses (S119Y), 
main shaft 121 is stopped against rotation and retracted to the rearmost position 
(S120). This process is the flared surface grinding process according to the sec- 
ond embodiment. 

Then, first hydraulic cylinders 159 are actuated to release steel 
tube 110 from clamp chuck 151 (S1 21 ). Steel tube 1 1 0 is then removed from 
clamp chuck 151 (S122), whereupon the machining operation is finished. If the 
machining operation is to be repeated (S123N), then the operation sequence 
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goes back to step S1 02 to repeat the flaring process and the flared surface grind- 
ing process. 

The process of spreading and flaring the tip end of a steel tube is 
also applicable to spreading and flanging the tip end of a structural steel tube, 
rather than the fastening together of two steel tubes by joining loose flanges. 

A combined machining equipment for steel tubes according to a 
third embodiment of the present invention will be described below with reference 
to FIG. 12. According to the third embodiment, the combined machining equip- 
ment has a flexure prevention machining head unit that can be installed as an at- 
tachment in place of the pair of first machining head units according to the first 
embodiment. 

When the end of steel tube 110 is flanged by first machining heads 
134 and second machining heads 124, if steel tube 1 10 is a thin-walled steel tube 
such as a stainless steel tube, then the inner surface of steel tube 110 close to 
the flanged end may be flexed to bulge inwardly. 

Flexure prevention head unit 176 can replace each of first machin- 
ing head units 133, and has flexure prevention head 177 for contacting the inner 
surface of steel tube 1 10 to prevent steel tube 1 10 from being flexed inwardly. 
Flexure prevention head 177 is of a cylindrical shape parallel to the axis of main 
shaft 121. When mounted on first machining head mount base 132, flexure pre- 
vention head 177 has its tip end projecting into steel tube 110 beyond the tip end 
of first machining head 134. 

Flexure prevention head unit 176 is mounted on first machining 
head mount base 132 in place of one of two first machining head units 133, and 
slide screw nut 172 on the lower surface of flexure prevention head unit 176 is 
moved by slide screw 171 on first machining head mount base 132 so that a side 
edge of cylindrical flexure prevention head 177 is held against the inner surface of 
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the tip end of steel tube 110. After flexure prevention head unit 176 is positionally 
adjusted, it is fixed in position by fixing screws 173. Thereafter, the tip end of 
steel tube 1 10 is spread by first machining head 134, and pressed and deformed 
to the flanged position by second machining heads 124. Therefore, the inner sur- 
face of steel tube 110 near the flanged end thereof is prevented from being flexed 
inwardly. 

Flexure prevention head 177 is arranged such that it remains in 
contact with the inner surface of steel tube 110 even when auxiliary shaft 131 is 
retracted upon transition from the machining process performed by first machin- 
ing head 134 to the machining process performed by second machining heads 
124. Structural and operational details of the combined machining equipment 
other than flexure prevention head unit 176 are the same as those of the com- 
bined machining equipment according to the first embodiment, and will not be de- 
scribed below. 

A combined machining equipment for steel tubes according to a 
fourth embodiment of the present invention will be described below with reference 
to FIG. 13. According to the fourth embodiment, the combined machining equip- 
ment has a groove machining head unit having a welding groove machining head 
that is added as an attachment to the first embodiment. 

Groove machining head unit 181 having groove machining head 
182 can replace each of first machining head units 133, and can be mounted on 
first machining head mount base 132 in place of first machining head unit 133. 
Groove machining head unit 181 has groove machining head 182 with a prede- 
termined grooving angle. 

Groove machining head unit 181 is mounted on first machining 
head mount base 132 in place of one of first machining head units 133, and slide 
screw nut 1 72 on the lower surface of groove machining head unit 181 is moved 
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by slide screw 171 on first machining head mount base 132 so that a cutting edge 
of groove machining head 182 is held against the tip end of steel tube 110 which 
is fastened by clamp chuck 151 in order to be grooved. After groove machining 
head unit 181 is positionally adjusted, it is fixed in position by fixing screws 173. 
Auxiliary shaft 131 is moved to its foremost position with respect to main shaft 
121, and main shaft 121 is moved forwardly while in rotation, causing groove 
machining head 182 to groove the end of steel tube 110. 

Structural and operational details of the combined machining 
equipment other than groove machining head unit 181 are the same as those of 
the combined machining equipment according to the first embodiment, and will 
not be described below. 

A combined machining equipment for steel tubes according to a 
fifth embodiment of the present invention will be described below with reference 
to FIG. 14. According to the fifth embodiment, the combined machining equip- 
ment has a head unit for removing lining having a lining peeling head that is 
added as an attachment to the first embodiment. 

Lining peeling head unit 186 having lining peeling head 187 can 
replace each of first machining head units 133, and can be mounted on first ma- 
chining head mount base 132 in place of first machining head unit 133. Lining 
peeling head unit 186 has lining peeling head 187 with a tip end having a prede- 
termined shape. It is desirable that the shape of the tip end be round. 

Lining peeling head unit 186 is mounted on first machining head 
mount base 132 in place of one of first machining head units 133, and slide screw 
nut 172 on the lower surface of Lining peeling head unit 186 is moved by slide 
screw 171 on first machining head mount base 132 so that the tip end of lining 
peeling head 187 is held against the inner surface of the tip end of steel tube 110 
to be flared which is fastened by clamp chuck 151 for peeling off the lining on its 
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inner surface. After head unit for removing lining 186 is positionally adjusted, it is 
fixed in position by fixing screws 173. Auxiliary shaft 131 is moved to its foremost 
position with respect to main shaft 121, and main shaft 121 is moved forwardly 
while in rotation, causing lining peeling head 187 to peel off the lining on the inner 
surface of the tip end of steel tube 110. 

While head unit for removing lining 186 is described as a head unit 
for peeling off the lining on the inner surface of the steel tube, it can peel off a lin- 
ing on the outer surface of the steel tube if head unit for removing lining 186 is set 
such that the tip end of lining peeling head 187 is held against the outer surface 
of the tip end of steel tube 1 1 0 to be flared which is fastened by clamp chuck 1 51 . 

After the lining is peeled off and the end of the steel tube is flared, 
an inner surface rust-resistant covering collar with an O-ring is inserted into the 
tube surface from which the lining has been peeled off, thereby covering the 
flared surface and inner and outer tube surfaces for rust resistance. 

Structural and operational details of the combined machining 
equipment other than head unit for removing lining 186 are the same as those of 
the combined machining equipment according to the first embodiment, and will 
not be described below. 

INDUSTRIAL APPLICABILITY 
The combined machining equipment for machining a steel tube 
and the method of machining a steel tube according to the present invention al- 
low the ends of steel tubes to be easily machined in various machining processes 
on site for piping installations, and are useful as machining equipment for piping 
installations. The combined machining equipment and the machining method can 
also be used to spread and flange the ends of steel tubes as structural members. 
DESCRIPTION OF REFERENCE NUMERALS 
100 combined machining equipment 
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1 01 steel tube machining apparatus 

102 steel tube holding apparatus 
110 steel tube 

115 loose flange 

121 main shaft 

122 flange 

123 second machining head unit 

124 second machining head 

125 flared surface grinding unit 

126 flared surface grinding cutter 

127 spring 

129 drive motor 

131 auxiliary shaft 

132 first machining head mount base 

133 first machining head unit 

134 first machining head 

1 36 pressure frame 

137 cotter slide unit 

1 38 cotter for sliding auxiliary shaft 

139 third hydraulic cylinder 

141 slide frame 

1 42 front slide frame 

1 43 back slide frame 

144 tie rod 

145 slider 

146 guide rail 

147 first main bearing 
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148 second main bearing 

149 second hydraulic cylinder 

151 clamp chuck 

1 52 clamp chuck guide 

153 tightening rod 

154 clamp beam 

1 59 first hydraulic cylinder 

161 common mount 

162 front frame 

163 back frame 

1 64 side frame 

165 base frame 

166 motor 

167 hydraulic unit 

1 68 control console 

171 machining head slide screw 

172 slide screw nut 

1 73 fixing screw 

1 76 flexure prevention machining head unit 

177 flexure prevention machining head 

181 groove machining head unit 

182 groove machining head 

1 86 head unit for removing lining 

187 lining peeling head 

191 cotter groove 

1 92 drive motor mount 

193 second machining head mount 
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194 flared surface grinding unit mount 
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